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SPECIFICATION 

Ion assisted coatings 

5 The present invention relates to the ^rmati on 
of coatings on surfaces by methods which In- 
clude the bQoiba£dmgm^Qf-the»sudaces with 
ions, and more paniculariy to processes which 
combine lOJ3=±tfimfaa£dmfiDt with other tech- 
10 niques for depositing coatings on surfaces. 

Such combined processes, which are known 
J£jS9^^§§Medj5a§ting, ion beam enhanced 
deposition or ion va pour de position, are used 
to produce coatings"which will protect the 
15 substrate surface against corrosion or wear, 
or to produce other desired qualities such as 
coloration or other decorative effects. 

Two materials which _h ave been used to 
prepare such coatings_are titanium and boro n. 
20 both of which can be c onverted to nitrides by 
bombardment wi th nitrogen iojs_djjring ^^ 
after their own deposit ion, usually by some 
other in vacuo technique such as electron 
beam evaporation or_sputtering. It is found 
25 however that films of ^titanium nitride for med 
by the deposition of titanium and nitrogen ion 
bombardment have go od adhesion to ste el 
sub fflates ^b ui^axejiejativ ejv soft, often being 
little harder than the steel substrate and have 
30 appreciable ductility. Similarly forme d boron n i- 
tride films on the other hand are muchTiarde/ , 
more than an order of magnitude harder than 
steel, but Jtjg^brjttje^and^tend to fail by crack- 
ing when they are put undeTToaaT especially 
35 when they are under tension as at, for 
example, the edge of an indentation. 

According to the present invention there is 
provided a process for forming a^SoatmsUBBPn 
a substrate con^^ of de- 

40 positing uporTtRe^^^^^^Fj^mate layers of 105 
aj[ gater[al_cap„abj e of forrnin^ a relatively duc - 
tile nitride or carbide and a majterjaLcaeable of 
forming a reJativeJY_hard„nitride_j3rLC^ and 
subjectingjhejayers of the said materials to 
bombar^mentj^l^^ 1 1 0 

carbon^so as to form the said nitrides or car- 

The ion bombardment may be carried out 
^girgultan^ of the said 

material, |^sequentiallv_i^^^ . 1 1 5 

Suitable^'materials are titanium to form the 
relatively soft nitride (or carbide) and boron to 
form the relatively hard nitride (or carbide). 

If it is desired to produce a wear resistant 
coating, then, preferably, the first deposited 120 
layer should be of titanium and the last de- 
posited layer should be of boron. 

In one process according to the invention, 
alternate layers of titanium and boron are de- 
posited by means of electron beam evapora- 125 
tion upon a metal substrate to be protected 
with simultaneous bombardment by nitrogen 
ions having energies in the range 1 to 100 
KeV. The ion dose is chosen to be such that 
at least 10% of the material of each layer of 
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titanium or boron is converted to the appropri- 
ate nitride. Depending on the application for 
the substrate, the thickness of the layers of 
titanium and boron can be between 0.1 and 
70 200 n.m. although a preferred range is be- 
tween 1 to 10 n.m. 

Although the composite coat ing material w ill 
c on s i st^of a 1 1 ej na teja^yj3 r^ ^ -^r^iHSHL a n d b o- 
.cSZitth^^i^iJa^^^ 

will occur bojth a .measurejDf ioTi^BeaiTTMnhixing 
and solid state reacti ons which wilf proaifce 
regions of titaniu mjboride s. These will both 
facilitate ^^^g^g^jlTesj Qn b^^^ 
lay^f^'^of'fjtantum^an ^^ nitride s and ar- 
rest cracks wHicFTmay' occur under conditions 
of stress. Also, as it is a rranged that not all 
the titanium J$ converted_to,the Qitridfi, the 
ti tanium layers consist of titanium me tal with a 
very h igh concehtratipn ^ojLs mall (--IQ n.m.) 
precipitates of ti tanium nitride , so as to pro- 
vide a cermet materia! which has toughness 
and deformability in addition to good wear re- 
sistance. 

In a variation of the process, the titanium 
layers may be made to contain aluminium, and 
the boron layers carbon. 

CLAIMS 

1. A process for forming a coating upon a 
substrate comprising the operations of depo- 
siting upon the substrate alternate layers of a 
m aterial capab l_e,'oOp rming^a_reJ aj^^ 
nitride or carbidte^^^and^ material capable of 
forming a relatively hard nitride or carbide and 
subjecting the layers of the said materials to 
bombardment with ions of nitrogen and/or 
carbon so as to form the said nitrides or car- 
bides. 

2. A process according to claim 1 wherein * 
the ion bombardment is carried out simultane- 
ously with the deposition of each layer of the 
said materials. 

3. A process according to claim or claim 2 
wherein the material to form the relatively soft 
nitride or carbide is titanium and the material 
to form the relatively hard nitride or carbide is 
boron. 

4. A process according to claim 3 wherein 
the first deposited layer is of titanium and the 
final deposited layer is of boron. 

5. A process according to any preceding 
claim wherein the ion bombardment is carried 
out with nitrogen ions having energies in the 
range 1-100 Kev and the ion dose is such 
that at least 10% of the material of each layer 
is converted to the appropriate nitride. 

6. A process according to claim 4 or claim 
5 wherein the titanium layers also contain alu- 
minium and the boron layers carbon. 

7. A process for forming a coating upon a 
substrate substantially as hereinbefore de- 
scribed. 
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